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PRELIMINARY REMARKS.
In the Pall of 1902 "Gas Engine Testing" was chosen by the un­
dersigned as the subject for thesis work for the Degree of Bach­
elor of Science in Mechanical Engineering in the University of 
Illinois. Subsequently, however, this was modified* and tests on 
a gasolene automobile for horse-power and efficiency have occu­
pied .the larger part of the time consumed in the preparation of 
the following thesis. The work as finally accomplished consisted 
of the preparations for testing the Root and Vandervort engine 
upon which a small number o*f tests were made for the purpose of 
establishing a complete heat balance. The major part of the work 
was devoted to the testing of Packard Motor Car ^242. On this an 
extended series of tests were made to determine indicated horse 
power, brake horse-power, efficiency, etc. The data and results 
of these tests are given in the following pages.
We desire to take this opportunity to thank the Root and Van- 
derwort Engineering Co. of East Moline,Illinois, and the Packard 
Motor Car Co. , of Yfarren, Ohio for the loan of the machines placed 
at our disposal. Also^we wish to express our appreciation of the 
services rendered by all those who helped us during these tests, 
and to express our thanks especially, to Mr. H.W. Day of the Class
of 1904,
2INTRODUCTORY REMARKS ON THE TEST OP PACKARD MOTOR CAR NO* 242.
The automobile industry has come so rapidly to the front, and 
the demand for machines has been so great, that probably few com­
plete tests of this nature have ever been made. In most factor­
ies the facilities for testing, as well a.s the need or desire for 
such, have been lacking. This has been due to the effort to first 
turn out a good machine that would run satisfactorily and stand 
wear, leaving the less important questions of efficiency, econ­
omy, etc. till the more important part had been perfected. The 
most common method of automobile testing in use today is to mount 
the rear wheels on two pairs of loose pulleys, with or without 
a belt connecting each pair, and run the machine in that position* 
The necessary adjustments can be more easily seen and made than 
with the whole machine in motion. The apparatus used in the fol­
lowing tests, while it has shown some minor defects of design, 
has been on the whole very satisfactory. These defects were two 
in number and 7/ere as follows, the area of contact of the car 
wheel and the pulley of the jack-shaft was too small to transmit 
the maximum horse-power without excessive wear on the tires;
next, rubber hose should have been replaced by iron pipe to trans-
*
mit the oil pressure from the cylinder on the platform scales to 
the recording machine, the reasons for which are noted in the fol­
lowing matter.
3FIG. 1
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FIG. 3
5DESCRIPTION OF TOURING CAR,
MANUFACTURED BY THE PACKARD MOTOR CAR CO. OF WARREN, OHIO.
In general appearance this machine is much like many others on 
the market; it being built for .four passengers; having the detach- 
•able tonneau, the so-called French front, heavy pneumatic tires, 
steering by wheel and using gasolene for the motive power, etc.
(see cut of car, Figs. 1, 2, and 3). However, the distinctive parts 
are those which have made the Packard machine one of the most 
prominent in its class. These parts are: 1st, the carburetor, 2nd, 
the ignition governor with throttle control, 3rd, the copper water 
jacket, 4th, the transmission gear, and 5th, the spring construc­
tion in the flywheel.
Contrary to much of the present practice, the engine in this 
machine is of the horizontal single cylinder type, and located 
not over the front axle, but a little back of the center of the 
machine, and supported on cross arms of the frame. The frame is 
made of channel iron reinforced in the places of greatest' strain.
The carburetor is of the float-feed type, and the gasolene is 
drawn through small grooves past a spraying cone, and then meets 
the air with which it forms the explosive mixture. The construc­
tion of the carburetor is such that the quality of the mixture is 
constant while the amount is under control from the foot throttle.
The ignition is obtained by the now almost universally adopted 
method of a jump spark and vibrator. The point in the stroke at 
which ignition ‘takes place
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is varied "by a centrifugal governor, which draws a spiral cam a- 
iong the secondary shaft, and by this means changes the point of 
closing of the primary circuit, (see Figs. 4,and 5).
FIG. 4.
FIG. 5.
The speed of the engine is under control of a throttle worked by 
the driver’s foot. When there is no pressure on the throttle, a 
spring holds it almost closed, and the engine can run slowly with 
no load. When pressure is applied to the throttle, the speed of the 
engine can be increased to any desired speed up to 850 revolutions 
per minute.
The cylinder is provided with a copper water jacket, and the 
water circulation is maintained "by a positive rotary pump which 
keeps the water moving through the flanged copper cooling coils 
at the front of the car.
The transmission gear is carried in an aluminum case, to de­
crease weight, and permits of three speeds running forward and one 
speed running backward. These changes, in connection with the 
variable engine speed, provide a convenient range of speed and 
power. The following tests show what this range is. A locking de­
vice prevents the changing of gears while the friction clutch is 
thrown ‘in, and thus avoids the stripping of gears which might 
otherwise result. From these gears the power is transmitted to the 
Wheels by the usual chain and differential gear, (sketch of this 
transmission device is shown in Fig. 7). Two band brakes are pro­
vided - one on the transmission shaft and the other on the two 
rear wheels.
The flywheel is of a special design, which was resorted to in 
order to promote quietness of running and to reduce jar. This 
flywheel construction can be seen in the general view of the car, 
(Fig. 3). The flywheel consists essentially of two parts; 1st, an 
ordinary solid flywheel which may be considered to run loosely 
upon the shaft, and 2nd, a spider which is keyed to the engine 
shaft. Connection is made between the wheel and this spider by 
means of helical springs through which forces are transmitted from 
the engine to the gearing without shocks.
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LOG RECORD AND DETERMINATION OF RESULTS.
The following is a list of the items given in the general table
of results with the method of their determination.
1* Number of Reading, or test number.
2. Time Interval. Readings were taken every five minutes, and 
numbered consecutively under item (l).
<"• Gear. —— Ratio of R.P.M. of motor to R.P.M. of drivers. This 
item is the number by which the revolutions of the engine can 
be multiplied to get the revolutions of the car wheel, and is 
obtained as follows:
Reverse Speed, 13/25 x 13/65 x 10/25 =* .0492.
Forward w 13/65 x 10/23 = .087.
" . w #2, 27/51 x 10/S3 = .230.
" " *3, 33/45 x 10/23 = .319.
In the above, the first ratio is that of the transmission gear 
teeth (see Fig. ^7) and the second, 10/23 is that of the two 
sprocket wheels.
4. Mean R.P.M. of Motor. This item is the total number of
revolutions as found from the recording machine record, di­
vided by the number of minutes during which those revolutions 
were recorded. It was easy to ascertain this accurately, as 
the machine recorded both revolutions and time simultaneous­
ly*
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Total Revolutions of Motor.
These were taken directly from the record of the record­
ing machine, and are the actual number of revolutions.
Mean R.P.M. of Jack-shaft.
These revolutions were also recorded on the recording 
machine record, simultaneously with the time.
Total Revolutions of Jack-shaft.
These revolutions were taken from the record.
Total Revolutions of Jack-shaft - Calculated.
These were found from knowing the revolutions of the car 
wheels and also the ratio
diameter of car wheel as determined from item (9) 35.78_q ?q .
diameter of jack-shaft pulley as measured 36.08
Then total revolutions of jack-shaft - item (3) x item (5) x 
.938. Some of these calculated revolutions were not recorded on 
the general record sheet, as in the earlier tests one of the 
tires leaked, and pressure could not be maintained in it. This 
leakage shortened the car wheel radius and, as it varied from 
day to day before the tire was changed, the above calculated 
results were omitted as being inaccurate.
Slip - Fercent.
In the use of rubber tires it is impossible to prevent 
a certain amount of creep or slip due to the stretching of the 
rubber on the face of the tire.
In order to find the slip the actual diameter,of the car
wheels had to be determined, and this was done as follows.
AThe motor was run on gear "l at slow speed - about 200 R.P.M. 
and no load. In this test it was assumed that under these 
conditions there would be no slip. A record was taken under 
these conditions and it showed 261 revolutions of the jack- 
shaft to 3200 revolutions of the motor, or a ratio of
# r #
261 M.0816. Now if this be divided by item (3) for gear *1, 
it gives .938 as a constant multiplier for a.ny of the gears; 
or, this is the ratio
- 11 -
carriage wheel diameter 
jack-shaft pulley diameter
This is all that is necessary, to compute jack-shaft R.P.M.,
but to find the actual car wheel diameter we have---— -- = . 0 3 8
36.08
Where x equals diameter of car wheel, and 36.08 equals the 
measured diameter of pulley, x — -33.78. The decimal .938 is 
used to find item (8). The slip in percent can now be deter­
mined, and is equivalent to iAgffl... ‘ x 100.• item (8)
10. Miles Run.
This item is equal to the circumference of the jack-shaft 
pulley multiplied by the revolutions of the jack-shaft and 
divided by 5280 (feet per mile)^ .00178 x item (7).
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11. M ile s  per Hour o f  the Machine.
This item is obtained from items (2) and (10) as f o l -
lows - ^ •7~r\x item (10).l tem (2)
12* Weight in Pounds of Jacket Water.
This item is a record of the jacket water as weighed in 
the discharge tank.
13. t Temperature Range.
This range is the average difference in temperature be­
tween that of the water entering the water jacket and that 
of the water leaving, as measured by thermometers in mer­
cury wells.
14. Heat Absorbed in B. T. U. per Hour.
This item is the product of items (12) and (13).
15. Air Temperature.
This temperature vras measured near the car.
16. 17, 18, and 20. These items were all taken directly from
light or heavy spring cards, (see page 44 ).
19. Back Pressure during Exhaust - Mean.
This item was found by measuring, with a planimeter, the
area under the back pressure line on the light spring cards
and dividing by item (22).
21. Mean Effective Pressure.
This pressure was obtained in the usual way by dividing
the average card area by the average card length, and then
multiplying by the scale of the spring = i^SS— 1^11 x igo x
I fcem (22)
J
26.
27.
9
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item (6) x — 27T x pressure
B.H.P. a- 33000
The oil system used to give a continuous record of the pres-
♦
sure on the scales was not sensitive or accurate enough to 
he relied upon for true results. Backlash and stretch of 
the rubber tubing connections were the chief causes of er­
ror and they, notably the latter, should be avoided in fu­
ture ■'where this method is used. The record of the brake 
pressure, obtained by means of the oil cylinder mentioned 
above was, on account of the inaccuracy previously noted, 
not used in making calculations of brake horse-power; but, 
giving as it did, a continuous recoi’d of pressure, it served 
to show variations and permitted conclusions to be drawn 
concerning the uniformity of the brake load.
I.H.P. - B.H.P.
Item (24) - item (25). This shows the horse-power ab­
sorbed by the ehgine and transmission gear in friction.
Tractive Effort - Observed.
This item was not included in the results, as the re­
cording machine record did not show it accurately. This was 
due to the overlooking of the necessity of havingthecar 
axle directly above the jack-shaft, i.e. to have the wheel 
rest on the highest part of the pulley. This is necessary,
15
for if the wheel were a little ahead or "behind the center, 
it would give an effect of descending or climbing a grade, 
which would correspondingly give a greater or less tractive 
effort. This record too, however, serves as a comparative 
record, of the performance, but where sufficient care was 
taken an accurate reliable record was obtained. After each 
run the heavy spring, which took the tractive effort (see
JJL
8 in sketch of testing apparatus, page SO ), was calibrated, 
and from this calibration a scale was made by which the 
tractive effort in pounds could be measured for any point
i
on the record (see also sample record).
28. Tractive Effort - Calculated.
This was obtained by considering the moment of the couple 
acting about the point of contact of the pulley, and then 
measuring the force of this couple. In this sketch (Fig. 6)
is shown the wheel, pulley, and the
»
brake arm with the forces acting on 
them. The wheel tends to turn as 
shown by the arrow, and creates a 
tension or force E in the restrain­
ing wire, also an equal and opposite
FIG. 6.
force E* acts at point ’A. Now if A be considered as a point 
of the pulley, the force E' can be measured by the pressure 
on the scales at D.
16
:it < -$ tf If ■ * ‘ ■ r '■ if p If fi *  * :i! |f - ' *
m. t ^„ E* (force) DO (distance) 62.5 - 62.5 D -
1 * D (force) CA (distance) 18*04 18.04
3.465 x pressure on the scales 55 the tractive effort.
29. Gasolene Used in Pounds.
This is the observed weight as recorded during the test.
30. Gasolene Weight per Gallon in Pounds.
By hydrometer test the specific weight of the gasolene 
used was .72 (Baume) at 21° C. (72° F. ) or as reduced to
l
the ordinary standard,.78 at 60° F. The weight of one gal­
lon of water at 21° C. “ 8.33 pounds. Then the weight per 
gallon of gasolene is 8.33 x .72 = 6.00 pounds.
31. Gasolene Used in Gallons per Hour.
This is found by dividing the total weight of gasolene 
used by the product of the time and the weight per pound -
6.00
item (gjjj.—  
X item (S)
32. Gasolene Used per Mile.
Item (31) 4 item (10) gives the gasolene used per mile.
33. Heat Value of Gasolene Used.
Tnis was determined by Prof. S.W. Parr and Mr. C.H.
Bean at the Chemical Laboratory of the University and is 
found to be 19,120 B.T.U. per pound.
34. Gasolene Used per I.H.P. per Hour in Gallons.
This is item (31) 4 item (24).
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35. Gasolene Used per B.H.P. per Hour - Gallons.
Similar to the above item, this 4^ item (31) divided 
by item (25).
26. Cost per Car Mile in Cents. (Gasolene at 15$^  per Gal. )
This item is simply the product of the cost per gallon 
of gasolene and the gasolene used per mile. - item (32) x item 
(15).
37. B. T.U. Equivalent to I.H.P.
The foot pounds of work per minute equivalent to onef! *
3^000
B* T. U. is ” 42.4. Now multiplying this number by the
number of minutes (item 2) and by the I.K.P. (item 24) we 
have this item. - 42.4 x item (2) x item (24).
38. B. T.U. Converted into Work in Cylinder (i.H.P. ) - %•
This is item (37) divided by item (43).
39. B. T.U. Equivalent to B.H.P.
Similarly obtained as item (37), this item is equal to 
42.4 x item (25) x item. (2).
40. B.T.U. Converted into Useful Work. (B.H.P. ) - %•
This is item (39) divided by item (43).
41. Heat Lost in Jacket Water. -
This item is the heat lost in the jacket water divided
by the total heat in the gasolene used. - ^  .—  - -
item (43)
43. Heat Lost in Exhaust and by Radiation.-
This item is the ratio of the heat lost in the exhaust
and by radiation to the total heat in the gasolene used, and
- • » ' * I!
item (43) - item (38) item (41)
<t.An. U K V  —
is represented thus;
13 ~
45.
44.
. 45.
46.
Heat Available in Gasolene Used in B. T.U. - lOO/o*
This is simply the gasolene used in pounds multiplied 
by the constant 19120. (see item (55).
Mechanical *Efficiency.
This is the efficiency of the total machinery from the
piston to the tires and not of the engine alone, which would
of course be much higher, - --- - -item (24)
Thermal Efficiency for I.H.P.
This gives a basis for 
ficiency of other motive powers
comparison with 
item (57) 
item (45)
Thermal Efficiency for B.II.P.
the thermal ef-
This item gives a basis for comparison of the thermal
ef'ficiency of this machine with that of other machines for
power delivered at the wheels. - -■--m— •
item (43)
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GAS ANALYSIS.
By Prof. Parr and G. K* Bean.
Analysis of samples of gas taken at full load is given below.
Carbon dioxide - I I \
v 
03
Oxygen - - - - - - -----
Nitrogen - - - -
t t* !*
-----91.#.
100.#.
EXPLANATION REGARDING CONDUCT AND PURPOSE OP TESTS
All tests up to and including ^25 except ^5, ^6, ^17 and ~18 
were run for maximum horse-pov/er with the throttle wide open, and 
the speed was regulated hy means of the Prpny brake. However, the 
brake pressure on the platform scales was kept as nearly uniform 
as possible, and in general it remained remarkably constant. Dur­
ing the above named tests the throttle was partly closed so as to 
give the correct speed for comparison with other tests on other 
gears, and the brake load was kept constant as before.
Besides the above mentioned tests others were run as follows;
1. A test to determine effect of muffler.
2. A test to determine the point of ignition for various speeds.
3. A test to determine effect of spring construction of
flywheel.
Indicator cards taken from the engine at the first of the ser­
e's'ies of tests seer^ to indicate a tardy opening of the exhaust valve 
and this was remedied by advancing the exhaust cam. The distance! 
from the end of the stroke at which the exhaust began to open are 
as follows*
Tests *1, ^2, *3 ------- 5/l6".
Jl
7/16”.Test 7r4 , -------------
All other tests - - - - 1 5/16
Before running test ;7 a liner 3/16" in thickness was placed
behind the crank pin brasses to increase the compression by de­
creasing the clearance. The effect of this is not very apparent 
see item (16) until the speeds of the motor are taken into con­
sideration.
The clearance volume was determined by water displacement, 
all air being removed from the chamber. The clearance volume of 
all tests up to ,r7 was 59.38 cubic inches. (24. After the 3/l6n 
liner was placed at the end of the connecting rod, the volume 
was decreased by 5.28 cubic inched, leaving a clearance of 54.S 
cubic inches (22*9%) for all tests from .^ 7 to ^28 inclusive.
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DESCRIPTION AND EXPLANATION OF METHODS OF OPERATION 
OF TESTING APPARATUS.
The testing apparatus consisted in general of the following 
parts.
1. A platform and a pair of flat faced wood pulleys on which
ran the driving wheels.
2. A device for putting resistance upon the driving wheels, 
and for measuring this resistance.
3. A device for holding the machine in place, and for measur-
%
ing the tractive force.
4. The apparatus for supplying and weighing the gasolene used.
5. The apparatus for supplying the jacket cooling water, and 
fox determining the heat removed in the jacket water.
6. The indicator and reducing rig.
7. The Oliver recording machine, with its cord, oil and elec-
*
trical connections.
As a matter of convenience and to promote clearness, the de­
scription and explanation of methods of operation of apparatus 
will be taken up under these heads. In the following discussion, 
reference is made to the two photographs (Figs. 8 and 9), and 
the diagram^tical sketch (Fig. 10) showing the arrangement, found 
on pages 30, 31 and 32.
1. It was found desirable to place the car upon a platform of 
ample size and high enough to alloxv the pulleys upon which the car
23
ran to clear the floor. The rear wheels of the car rested upon 
the upper part of the rims of the pulleys, and were kept in Jiis 
position "by the apparatus described under (3). These pulleys,
36" in diameter with a 10w face, were^mounted upon a 2W jack 
shaft which turned in roller bearings, the friction of which was 
negligible.
2. Upon this jack shaft midway between the two pulleys was 
mounted a Prony brake, which in operation gave any desired re­
sistance to the jack shaft’s turning, resulting in giving re­
sistance to the drivers of the car. The arm of the Prony brake 
was 62.5” long, and the groove in its end rested upon the edged 
end of a plunger, the cylinder for which rested directly upon
a platform scales. The operation of this cylinder when filled 
with oil will be described under (7).
3. Attached to the rear end of the frame of the car, and 
running backward, was a horizontal wire fastened to the upper 
end of the vertical arm of a right angled bell-crank. The right 
angled vertex of this triangle was securely fixed to the wall 
so as to turn easily, and the end of the horizontal arm rested, 
through a spring, upon a platform scales. The two arms of this 
bell-crank were made equal in length. By means of a tumbuckle 
in the horizontal wire, its length was easily adjusted so as to
bring the axle of the car directly over the jack shaft. The spring
«
above mentioned was used in connection with the recording machine 
to give a continuous record of the tractive force, and will be
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taken up under (7,). As a guard against danger in case of accident 
to this apparatus, a heavy chain was attached to both ends of 
the rear axle and, with necessary slack to prevent its taking 
any of the forward pull of the car, was securely fastened to the 
floor. Likewise, the front end of the car was secured by means of 
ropes, which hung loosely while the tests were being run.
In order to facilitate the weighing of the gasolene used, the
i
connection to the gasolene tank on the machine was removed and
the carburetor connectedsthrough iron pipe and flexible rubber
tubing, to a tank resting upon a platform scales. These scales
read to hundredths of pounds, and were placed upon a small plat- *
form entirely free from the main platform, to avoid all jar and 
vibration. In order that the float valve in the carburetor might 
act practically the same as in practice, the level of the gaso­
lene was kept at the same level as is usual in the operation of 
the car.
5. The jacket water system of the car was disconnected, and 
the jacket supplied directly from the mains. The water leaving 
the jacket emptied into a tank having a capacity of 400 pounds, 
and resting upon a platform scales. In the pipes, just before en­
tering and leaving the jacket were placed mercury wells, fitted 
with slotted iron pipe guards for two thermometers. The range of 
temperature between the water entering and leaving the cooling 
jacket was so regulated as to be the same as in the usual oper­
ation of ithe car. Consequently, the change made in the cooling
- 25 -
system in no way affected the operation of the motor.
6.The indicator used was a Crosby gas engine indicator, hav­
ing a piston area of l/4 square inch and a reinforced pencil mo­
tion. This pencil motion gave no trouble as to bending or breaking, 
and was adjusted but once for wear at the joints. The l/2w gas pipe 
leading to the•indicator from the combustion space in the cylinder 
was 9” long including one 90° elbow, and allowed room for a 5n 
tin water jacket placed around this pipe below the indicator. Or­
dinarily a very small amount of water flowed through this jacket, 
but even when water was allowed simply to evaporate from it, all 
the troubles from a heated indicator were entirely done away with. 
At no time in the tests did the indicator become too hot to be- com­
fortably handled with the hands. This feature was fotmd very con­
venient when changing the heavy spring for a light one, for taking 
the light spring cards at the end of a run.
The question of a reducing rig for speeds as high as 800 and
900 revolutions per minute, presented itself at first as a rather
difficult one. After using a Crosby geared reducing wheel, which
worked satisfactorily for speeds up to 300 revolutions per minute,
a simple reducing arm was tried and found to work satisfactorily
for all speeds. This rig consisted of the following parts as shown
in sketch. (Pig. 11)• A short pin (a) screwed into the wrist pinCfrc,
■^cf boss of the piston, and connect­
ed with the link (b). Link (c) 
turned about the point (c^), tak-
-b,
^ ? i c .  ii.
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ing practically the motion of the piston at the point (b_^ ), and 
giving this motion reduced at (d). From (d) a cord passed horizon­
tally over a pulley and off to the indicator drum. Point (b-, ) was 
placed a little below the line of piston motion passing through 
(a), in order to make the error from rotation about (c ) as small 
as possible. The point (d) was adjustable to three positions, for 
lov/ymedium and high speeds; it being necessary to have a very 
short drum travel for high speeds. The three card lengths ob­
tained were approximately, 2.4” , 1.3" and 1.3". Links (b) and (c) 
were made as light as consistent with strength, and pins at points 
(a), (b) and (c) were made extra large to avoid excessive wear.
7. A description of the Oliver recording machine may be found 
in the American Machinist for Feb. 27, 1903. See accompanying' 
cuts from that article. (Figs. 12, 13 and 14). This machine, as 
it was used, consisted of two essential part£.
A. A set of rolls, driven by the secondary shaft of the motor, 
and giving to a roll of paper a positive travel proportional to 
the speed of the motor.
B. A set of marking pens connected to record data as follows. 
See Fig. 15 and sample record.
a. Single and 100 jack shaft revolutions.
b. 2d0 revolutions of the motor. - A constant.
c. 5 second intervals.
d. Miscellaneous data, such as readings, cards, etc.
e. Tractive force. Measured from base line (e-^ ).
_____________________________ ___________________________________________________________________
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f. Pressure of Prony brake upon scales. Measured from base 
line (f-^ ).
On the recording machine were 
four magnets which operated pens 
(a), (b), (c) and (d), electri­
cally.
Circuit (a) was closed by a 
contact device on the jack shaft 
every revolution, and again every 
100 revolutions. This latter was 
and worm-wheel working in the ratio
Circuit (b) was closed and the corresponding record made every 
200 revolutions of the motor by a contact on the paper drum of the 
machine, and in this way there was made a record at equal inter­
vals of paper travel.
Circuit (c) was closed and the corresponding record made .every 
5 seconds by a Newman clock.
Circuit (d) was closed by a push button for general data, such 
as starts, readings, etc,-, and also by a switch on the indicator, 
which operated when taking a card. Base lines (e) and (f) were 
made by pens which were movable on a rod and adjustable in a line 
perpendicular to the line of paper travel.
Line (e) gave a continuous record of the tractive force by 
means of a cord connection to the bell-crank referred to in (3).
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accomplished by a small worm 
of 1 to 100.
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The end of the horizontal arm of this 'bell-crank was attached to 
the lower end of a long helical spring, which was supported from 
a stand placed upon a platform scales. Prom the end of this hor­
izontal arm a cord passed directly downward, over a pulley, and off 
to the recording machine and was held taut by a light spring.
ilow when resistance was placed upon the driversand the car tended * ’
to move ahead, the arm pressed downward, extended the helical 
spring, and allowed the cord to be drawn in toward the machine.
A light cord of the recording machine, which was a continuation 
of this heavy cord, held taut by another spring, gave to the pen 
which it operated, the corresponding motion. By mounting this 
heavy spring upon a platform scales, the actual pull could be 
read directly.
Line (f) was obtained by the use of an oil cylinder, mentioned 
in (2 ). A flexible pipe line ran from this cylinder to a large 
especially made indicator cylinder on the recording machine. This 
•system was filled with oil, care being taken to displace all the 
air. By this system any pressure of the brake arm upon the plung­
er, gave to the piston in the indicator a corresponding pressure, 
and a movement of the pencil motion. Prom the end of the pencil 
arm, the pen was operated by a cord in the same manner as the pen 
giving line (e).
For all except the muffler test, the muffler m s  removed and 
the exhaust was carried out of the building through 10’ of 1. l/2w 
pipe, including no extra bends except two 45° elbows. The air was
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drawn through^2" pipe from beneath the platform and thus insuring 
a pure supply. Some trouble was experienced from the heating and 
wearing of the tires. An air blast was tried and found to have some 
effect toward keeping them cool, but later, upon using powdered 
soap stone, it alone kept the tires from heating to an objectionable 
degree, and also stopped practically all the wearing. The tires in 
this condition, however, were found to slip seriously before stall­
ing the motor upon the first gear.
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SUMMARY OF RESULTS.
Some of the interesting results of the work should be noted, 
and are as follows.
1. The curves show that the maximum horse-power developed at 
different speeds, varies with reference to the speed, with remark­
able uniformity. These curves show also that practically the same 
amount of horse-pov/er - a little over 4 3/4 - was delivered on the 
three gears. They show also, that there is a great decrease in the 
power delivered between the maximum speed on the first gear and a 
low speed on the secodd gear; while the second and third gears 
give much the same performance over a range in speed of from ten 
to eighteen miles per hour. During this range, except for a small 
difference in power delivered, there is, hrpwever, an advantage 
gained with the third gear, both in efficiency and mechanical run­
ning .
2. The effect of partial throttling seemed to show an ample 
inlet valve opening. As wall be noticed on curves for second gear, 
the restriction of the opening to l/8M and 1/16" had little effect 
in lowering the power developed below the maximum.
3. In regard to the spring construction in the flywheel, the 
record obtained with the wheel blocked to the spider, did not 
show any appreciable difference in the uniformity of tractive 
force, over that shown with the flywheel in its usual condition, 
this, however, would not disprove what is claimed for the construc­
tion in regard to steadiness of running and freedom of the car
from vibration
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Attention should be called to the good performance of the muf­
fler. The noise from explosions was practically done away with at 
the expense of a very slight back pressure.
Many other interesting and instructive facts, such as, the cost 
of operation on different gears giving the same performance, the 
speed giving maximum efficiency and horse-power, etc., can be 
learned by a study of the accompanying curves and tables.
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